properties on the wall thickness distribution was studied. Cui and Gao [13] developed an ISF hole-flanging process by employing three multi-pass ISF toolpath strategies, and they compared the thickness distributions of the parts obtained by the three different forming strategies. P K proposed a backward ISF hole-flanging process. In this process, the tool head size was larger than that of the tool shank diameter, During numerical simulation, the commercial software LS-Dyna is used for the two ISF hole-flanging processes as shown in Fig. 8 . To simplify the finite element simulation, the hole-cutting step is ignored and a hole with initial diameter of 40 mm is defined in each finite element model. In addition, the geometry of T2 is simplified as shown in Fig. 8(b) , in which only the geometric profile for flanging process is considered. Fully integrated 8-node S/R solid elements are utilized to discretize the blank, and 5 layers of solid elements are employed along the thickness direction of the sheet. Refine meshing strategy is used in the region to be formed to evaluate the simulation accuracy. Both the tool and the backing plate are regarded as rigid constraints. Coulomb s friction law is employed and the frictional coefficient between the forming tool and the sheet metal is assumed as 0.05 [27] . during the forming process, while the meridional strain decreases at first but then increases due to the continuous stretching in the circumferential direction and absence of any constraint at the hole edge.
A ISF
The absence of constraint and reduced meridional strain near the hole edge cause the occurrence of strain peak at the middle of the wall other than at the hole edge shown in Fig. 9(a) . Concerning the strain variations in the hole-flanging process by T2 as shown in Fig. 11 (c) and (d), both meridional strain and circumferential strain increase at point A and point B during the forming process. This is because the tool is always keeping in contact with the forming area during the whole forming process, which causes the sheet metal to deform all the time. In addition, both meridional strain and circumferential strain at point B are greater than those at point A. This is because the tool moves from inward to outward during hole-flanging process using T2. Point B is at the first forming zone and the degree of deformation will accumulate until the forming process finishes. 
International Journal of Machine

F
In order to obtain the fracture in the ISF hole-flanging process, a hole-flanging feature with larger expansion rate is specifically designed, as shown in Fig. 20 . This feature cannot be directly achieved by using either T1 or T2 due to deeper vertical wall compared with that shown in Fig. 7(a) . In this way, the fracture By adopting one single pass ISF strategy described in Fig. 2 , the fractured parts are obtained shown in 
